Objective. To examine the association between diabetes-related lower-extremity amputation (LEA) and ethnicity, age, source of payment, geographic location, diabetes severity, and health condition in adults with diabetes mellitus type 2 living in border and non-border counties in
all diabetes-related lower-extremity amputations (LEAs) can be prevented with self-management health behaviors (1) , this disabling condition is one of the most common causes of hospitalization for individuals with diabetes, and has great social, medical, and economic costs worldwide (1) (2) (3) (4) (5) . LEA in persons with diabetes is a predictor of reduced quality of life (6) , repeat amputation at five-year followup (7) , and seven-year mortality (8) .
Ethnic minority groups in the United States of America have significantly higher risk and prevalence of amputations, as well as higher associated mortality rates, than their non-Hispanic white counterparts (9) (10) (11) (12) . Lavery et al. identified a much higher prevalence of diabetes-related amputations in Hispanics (82.7%) versus African Americans (61.6%) and non-Hispanic whites (56.8%) in the United States (13) .
This diabetes disparity is even more salient in the U.S.-Mexico border region, where U.S. border states have the highest Hispanic concentration in their popu-lations (14) . The Pan American Health Organization (PAHO) has warned that diabetes is rising in the region, and significant efforts are under way to address this public health problem, which is of great concern in the Americas (15) . Since 2001, PAHO has been coordinating a binational (United States-Mexico) initiative that has determined border diabetes prevalence rates and is working on developing prevention programs and activities in the border region (16) . The diabetes ageadjusted death rate for Hispanics living in U.S. border counties (46.7 per 100 000 population) is three times higher than the rate for non-Hispanic whites living at the border (16.3 per 100 000 population) (17) . Among all border residents, almost 16% suffer from type 2 diabetes, a higher rate than the national rate in both Mexico (14.9%) and the United States (13.9%) (15, 18) . A study published in 2006 showed that in Texas the adjusted rate of diabetesrelated LEAs is significantly higher for border county residents (53.6 per 10 000) versus non-border residents (39.9 per 10 000) (19) .
A key strategy in the planning process of diabetes prevention and control programs is the identification of predictors that influence the disease and its complications. Although previous studies have described rates of diabetes mortality and prevalence as well as amputation in the U.S.-Mexico border region, there is a paucity of data on risk factors for diabetes-related LEAs. Loss of a limb is a diabetes complication that leads to disability and death yet in most cases could have been prevented with self-care interventions (1, 20) . Identification of these risk factors could help policy makers and health professionals design and implement more effective foot care interventions for groups most at risk of suffering from this disabling diabetes complication. The purpose of this study was to examine the association between LEAs and ethnicity, age, source of payment, geographic location, diabetes severity, and health condition in adults with type 2 diabetes living in border and nonborder counties in Texas, and to assess intra-border region geographic differences in post-LEA treatment. (12, 13, 19) .
MATERIALS AND METHODS
The study also examined relevant variables that influence diabetes-related LEAs, according to the literature, which is based mainly on non-Hispanic white samples (21) (22) (23) (24) (25) (26) . These variables included sex; age group, based on U.S. Centers for Disease Control and Prevention (CDC) categories (45-55, 56-64, and ≥ 65 years) (27) ; ethnic group (Hispanic, African American, non-Hispanic white, and other); source of payment for health care services (state government-funded programs, federal government-funded programs such as Medicare and Medicaid, employer-provided private insurance, and uninsured/self-pay patients); and geographic location (Texas border counties versus non-border counties). Border counties were defined as the 32 counties in Texas within 100 km of the U.S.-Mexico border. Income information was not available. Health variables included health condition factors and severity of diabetes (minor, moderate, and severe). Health condition factors included hypertension (IDC-9-CM codes 401-405); cardiovascular disease (CVD) (IDC-9-CM codes 410-414, 427, and 428); stroke (IDC-9-CM codes 431-434, 436, and 437); chronic obstructive pulmonary disease (COPD) (IDC-9-CM codes 491, 492, and 496); depression (IDC-9-CM codes 296 and 311); and renal disease (IDC-9-CM codes 580-586, 588, 589, and 593). The severity-of-illness variable in the TIHDD dataset were coded under four categories: minor, moderate, major, and extreme. Because very few individual in the study sample (2%) were classified as "extreme," the categories "major" and "extreme" were combined into one global category called "severe." The TIHDD dataset does not provide information about how the reporting hospitals measured severity of illness. Summary statistics were calculated to describe the sample in terms of demographic and health conditions. Demographic characteristics and other indicators between border and non-border groups were compared using either the Pearson chi-square test or the MannWhitney U test, as appropriate. These statistical tests were used due to the non-normality of the data. Logistic regression analyses (unadjusted univariate and adjusted multivariate logistic regression) were used to test the association between the independent variables and LEA. Logistic regression analysis is presented as odds ratios (ORs) and 95% confidence intervals (CIs). The analysis was performed using SPSS for Windows, version 13.0 (SPSS Inc., Chicago, Ill., USA) (28) . A P value < 0.05 was considered significant for all statistical tests conducted.
RESULTS
Out of the 204 776 patients listed in the TIHDD, a total of 5 865 persons 45 years of age and older had undergone a diabetes-related LEA. The number of persons with an LEA in the border area was 1 037 versus 4 828 in non-border counties. As shown in Table 1 , significant differences were found between border and non-border individuals who had undergone an LEA by age (P = 0.001), ethnicity (P < 0.001), and source of payment (P < 0.001), but not by sex.
There were three times more Hispanics undergoing an LEA in border counties versus non-border areas (P < 0.001). In contrast, a statistically significant higher proportion of non-Hispanic whites and African Americans that had undergone an LEA resided in non-border counties versus border counties. There was also a higher proportion of older persons (≥ 65 years) with LEAs at the border area (72.71%) versus the same age group in non-border counties (66.76%) (P = 0.001).
Compared to persons with LEAs in non-border counties, two times more individuals at the border were Medicaid users (4.55% versus 9.64%, respectively). In contrast, the use of employer insurance was significantly more prevalent in non-border areas (14.00%) versus border locations (8.20%)
The majority (67.5%) of all individuals who had undergone an LEA were classified as having moderate diabetes. There were no statistically significant differences in severity of illness between border and non-border patients.
The prevalence of hypertension, CVD, stroke, depression, and renal disease was similar for both border and nonborder residents that had undergone an LEA. There was a statistically significant difference between the two groups in prevalence of COPD, which was more common among individuals living in non-border versus border counties (12.53% versus 8.68%; P < 0.001). Table 2 presents detailed results from the univariate (unadjusted) and multivariate (adjusted) logistic regression analyses. In the multivariate analyses, males were more likely to have undergone an LEA than females. Being Hispanic or African American was significantly correlated with LEA. Age was another factor significantly correlated with amputations: persons between the ages of 55 and 64 years were more likely than younger individuals (45-54 years of age) or older persons (65 and older) to have been discharged from the hospital with a diabetes-related LEA.
Source of payment was also examined as a risk factor for LEA. Multivariate analyses indicated that persons with diabetes that had Medicare or Medicaid were more likely to have had an LEA than those who had insurance from an employer, paid their own expenses, or were uninsured.
Border residents were also more likely to undergo an LEA than those not living in the border counties. Adjusted logistic analyses also showed that patients classified as having moderate diabetes had a statistically significant higher probability of having an LEA than those considered as having minor diabetes. However, the probability of undergoing an LEA was statistically significantly higher for those classified as having moderate diabetes than those classified as having severe or minor diabetes.
In addition, persons diagnosed with CVD or stroke were more likely to have an LEA than those who were not diagnosed with either of those diseases. Depression was also a statistically significant predictor of LEA. However, data indicate that persons suffering from depression were less likely than those without depression to have an LEA. COPD was not significantly associated with LEA.
As shown in Table 3 , a significantly higher proportion of persons not living in border counties received post-LEA occupational therapy versus those residing along the border (P < 0.001). However, a statistically significant difference was not found for physical therapy between border and non-border individuals.
DISCUSSION
To the best of the authors' knowledge, this study is the first in the United Sates to determine personal and health correlates to LEA in an at-high-risk group living in border and non-border counties in the state of Texas.
The study results indicated that Hispanics and African Americans with type 2 diabetes are at greater risk of having an LEA than their non-Hispanic white counterparts. This result is consistent with Young et al. (10) , who studied patients with nephropathy and found that amputees were more likely to be Hispanic or African American than nonHispanic white. Other studies, however, have not confirmed a significant association between diabetes-related amputations and ethnicity (29, 30) . Conflicting results in the literature suggest that more research examining confounding factors in the association of ethnicity with LEAs is needed. Previous study results also underscore the importance of exploring the influence of ethnic disparities in accessing preventive medical care among persons with diabetes (10, 29, 31) .
Another finding in the current study was that the risk for LEAs is greater for males than for females, and it increases with age. These results are consistent with other research (10, 19, 21, 32, 33) . However, a study conducted by Nelson et al. among Pima Indians did not show a significant association between LEAs and aging (34) . The discrepancy between the latter study and the current findings
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Original research may be due to methodological differences, as the study by Nelson et al. was based on a very small sample (n = 80). The current study also found that persons living in a border county and having Medicare/Medicaid were more likely to undergo an LEA than non-border residents and persons who were uninsured/self-pay or had private (employerprovided) insurance. These results may reflect the fact that some LEA procedures 1) may not be fully covered by private insurance and 2) may not be affordable for uninsured/self-pay patients. The discrepancy in LEA prevalence by geo- graphic area may also be partly attributable to regional differences in care and treatment. According to previous research with Medicare patients (35) (36) (37) , the procedures for many types of surgery, including LEA in persons with diabetes, vary highly across geographic areas. A study at a teaching hospital in the Texas border area found that people with diabetes who had no insurance were twice as likely to suffer from limb amputations as those with some form of insurance (37) . These findings suggest that geographic variations in LEA prevalence may be explained by differences in population characteristics, insurance benefits, surgery capacity, and care and treatment styles. More in-depth investigation into the influence of health insurance benefits, health care access, and regional care styles on the prevalence of LEAs in the U.S.-Mexico border region is warranted. This study also found that having a diagnosis of CVD or stroke were risk factors for undergoing an LEA. These findings concur with previous research (7, 10, 21, 24, 26, (39) (40) (41) and suggest that persons with diabetes with either of these health conditions should be 1) closely monitored by their clinicians for the development of foot ulcers and 2) provided with foot care education.
Some findings in this study are intriguing. First, the results indicate that the patients classified as having moderate diabetes were more likely to undergo an LEA than those classified as having minor or severe diabetes. This finding contradicts previous research that showed an association between diabetes complications and LEAs (21) (22) (23) 26) . Second, in contrast with the literature (16), the present study indicates that individuals with depression were at lower risk of undergoing an LEA than those without depression. As acknowledged below with regard to possible study limitations, these conflicting results may be partly attributable to errors in the reporting process. According to TIHDD, there might be errors in the secondary dataset "caused by the inability of the hospital to communicate complete data due to form constraints, subjectivity in the assignment of codes, system mapping, and normal clerical error" (42) . Another interesting finding in the current research was the lack of a significant association between renal disease and LEAs, contradicting previous studies (39) (40) (41) . This discrepancy may be related to the population examined. Much of the previous research included dialysis patients in their study samples, whereas for the current research it was not possible to determine precise renal stage in the population studied. Further research is warranted to examine the association between renal disease stages and LEAs.
The current study results reveal a disparity in post-LEA treatment, with a statistically significantly lower proportion of border county residents receiving treatment from occupational therapists (which have a key role in post-LEA rehabilitation) compared to non-border residents. No reports examining ethic disparities in post-LEA treatment were found in the literature. The availability of rehabilitation services for those at the border undergoing LEAs should be further examined. Research is also warranted to identify any personal care or health care factors associated with rehabilitation in persons with diabetesrelated LEAs living in border and nonborder counties.
This study has several limitations. First, causal inferences cannot be drawn from the results, because the research is neither prospective nor experimental. Second, the study findings may not be generalizable to other populations because the secondary data used in the research were limited to individuals with access to a hospital and residence in the state of Texas. In addition, the secondary data do not report additional variables identified in the literature as predictors of diabetes-related amputations, such as duration of illness, income, medication adherence, poor foot behaviors, insulin use, and level of glycosylated hemoglobin 1Ac. Another potential study limitation is the fact that the secondary data do not specify if patients had ever been discharged with previous amputations. Therefore, this study could not determine if past history of amputations contributed to the significant prevalence of LEAs indicated in the results. Finally, as mentioned above, it was not possible to verify if there were any hospital data reporting errors or to assess any other aspect of data quality control for the secondary dataset.
In conclusion, this exploratory study aimed to contribute to the scarce border literature examining personal and health factors associated with diabetes-related amputations. Understanding predictors of limb loss in adults with type 2 diabetes is critical for effectively targeting highrisk groups along the border. Correlates identified in this study may help health professionals, policy makers, and researchers develop more effective strategies for early detection and tailored interventions in the prevention of this disabling consequence of diabetes affecting U.S.-Mexico border residents.
